INTRODUCTION
============

Most stimulation protocols for assisted reproductive technology result in a defective luteal phase. The mechanisms underlying the insufficient function of the corpus luteum in this context may include supraphysiologic estradiol level, decreased luteinizing hormone level, inhibition of the corpus luteum, and asynchronization of estradiol and progesterone.^[@R1],[@R2]^ Luteal phase support (LPS) is commonly used in in vitro fertilization (IVF) involving gonadotropin-releasing hormone (GnRH) analogs, and options include human chorionic gonadotropin, progesterone, estradiol, and GnRH agonists, as well as cytokines (eg, granulocyte colony-stimulating factor and lymphocyte immunotherapy).^[@R3]^ However, there is still controversy in the types of hormones used for LPS, as well as their dosage, duration, and timing.^[@R4]^

With respect to the use of progesterone or progesterone plus estrogen as LPS, prior meta-analyses have not included a large number of studies and/or reported conflicting results. Although a 2002 meta-analysis by Pritts and Atwood^[@R5]^ included 3 studies, of which only one study reported an increase in the implantation rate with the addition of oral estrogen to progesterone. A 2011 Cochrane review^[@R6]^ (updated from 2004^[@R7]^) evaluated 7 studies and found that combining transdermal estrogen and progesterone would improve the clinical pregnancy rate, but the addition of estrogen did not affect other outcomes including ongoing pregnancy, fertilization, implantation, and miscarriage rates. Prior meta-analyses, such as those by Kolibianakis et al^[@R8]^ (4 studies) and Gelbaya et al^[@R9]^ (10 studies), found no beneficial effect of a progesterone/estrogen combination on the pregnancy rates, and their findings were further supported by a 2010 meta-analysis performed by Jee et al.^[@R10]^ The aim of this study was to perform a meta-analysis on the efficacy of progesterone versus progesterone plus estrogen of any form for LPS during IVF.

METHODS
=======

Search Strategy
---------------

This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.^[@R11]^ Meta-analyses do not involve patients, and thus do not require institutional review board approval. We searched the MEDLINE, Cochrane Library, and Google Scholar databases up to March 18, 2014. The search terms were (estrogen OR estradiol OR oestradiol) AND (progesterone) AND (IVF OR in vitro fertilization) AND (randomized OR prospective). Abstracts were reviewed, and reference lists of relevant studies were also searched for relevant studies. This study did not involve human subjects, so informed consent was not required. In addition, no approval was required from an institutional review board.

Inclusion criteria for the meta-analysis were as follows: randomized controlled trial; women undergoing IVF stimulated with gonadotropins and/or GnRH analogs; at least 1 of the treatment arms including the combination of progesterone + estrogen (P + E) for LPS; a control arm including progesterone alone (P) for LPS; and reported outcomes of clinical pregnancy rate, ongoing pregnancy rate, fertilization rate, implantation rate, and/or miscarriage rate. Non-English and non-Chinese publications, case reports, comments, editorials, and letters were excluded.

Study Selection and Data Extraction
-----------------------------------

Studies were identified via the search strategy by 2 independent reviewers, with a third reviewer being consulted if there was uncertainty regarding eligibility. The following information was extracted from studies that met the inclusion criteria: name of the first author, year of publication, study design, basic information of the subjects (number of patients in each group, age of each group, body mass index of each group, duration of infertility), characteristics of treatment protocols, intervention for each group (type, dosage, timing of initiation, duration of administration), and primary and secondary outcomes (clinical pregnancy rate, ongoing pregnancy rate, fertilization rate, implantation rate, miscarriage rate). Data extraction was also performed by 2 independent reviewers, with a third reviewer being consulted in case of any uncertainty. The Delphi list was used to assess the included studies.^[@R12]^ Quality assessment was also performed by 2 independent reviewers, with a third reviewer being consulted in cases of uncertainty.

Statistical Analysis
--------------------

Data are presented as mean ± standard deviation or number (%). Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for both primary outcome (clinical pregnancy rate) and secondary outcomes of subjects treated with P + E compared with P. Heterogeneity among the studies was assessed using the Cochran Q and the I^2^ statistics. Either a Q statistic with *P* \< 0.10^[@R13]^ or an I^2^ statistic \>50%^[@R14]^ indicates that heterogeneity exists among the studies, and in this case a random-effects model (DerSimonian--Laird method)^[@R15]^ of analysis was used; otherwise, a fixed-effects model (Mantel--Haenszel method) was used. Sensitivity analysis was performed using the leave-1-out approach. A 1-sided Egger test was performed and funnel plots were created to evaluate publication bias.^[@R16]^ A *P* value \<0.05 was considered statistically significant. Homogeneity tests, pooled estimates, and sensitivity analyses were performed using the Comprehensive Meta-Analysis Version 2.0 (Biostat, Englewood, NJ).

RESULTS
=======

The initial search identified 315 articles (Figure [1](#F1){ref-type="fig"}). We identified abstracts with full-text articles, and performed manual search of relevant reference lists but did not identify additional articles. A total of 296 articles were excluded, and 19 were subjected to full-text review. Eight more articles were excluded for the following reasons: not performed in women stimulated with gonadotropins and/or GnRH analogs (n = 3), having no outcome of interest (n = 2), no progesterone-alone group (n = 1), not a randomized controlled trial (n = 1), and having no retrievable article (n = 1) (Supplemental ). Thus, 11 articles^[@R17]--[@R27]^ were included in the meta-analysis.

![Flow diagram of study selection. GnRH = gonadotropin-releasing hormone.](medi-94-e459-g001){#F1}

Quality Assessment
------------------

Table [1](#T1){ref-type="table"} shows the results of the Delphi quality assessment. All 11 studies were randomized, with 10 studies meeting specified eligibility criteria, and had similar group characteristics at baseline. However, most of the included studies did not conceal treatment allocation, and did not address whether the analysis was intent-to-treat. None of the studies addressed or performed blinding.

###### 

Delphi Quality Assessment for the Included Studies
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Study and Subject Characteristics
---------------------------------

The 11 studies included a total of 1756 subjects. The mean age of subjects ranged from 28.7 ± 5.4 to 35.8 ± 5.3 years; mean body mass index, when reported, ranged from 22.0 ± 2.8 to 32.1 ± 40.9 kg/m^2^; and the mean duration of infertility, when reported, ranged from 2.3 ± 1.4 to 9.8 ± 6.4 years (Table [2](#T2){ref-type="table"}). Details regarding overall treatment protocols and progesterone and estradiol interventions are summarized in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}, respectively. Oral estrogen was administered in 7 studies, transdermal estrogen was administered in 4 studies, and vaginal estrogen was administered in 2 studies (1 study included oral or vaginal estrogen,^[@R19]^ and the other study included oral and transdermal estrogen^[@R23]^). Table [5](#T5){ref-type="table"} summarizes the primary and secondary outcomes after intervention (P + E vs P).

###### 

Basic Data of the Subjects in the Included Studies
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###### 

Treatment Protocols
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###### 

Progesterone and Estradiol Interventions
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###### 

Summary of Primary and Secondary Outcomes
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Significantly More Clinical Pregnancies With P + E Versus P
-----------------------------------------------------------

Of the 11 studies, 9 studies reported clinical pregnancy rate (Table [5](#T5){ref-type="table"}).^[@R17]--[@R19],[@R21]--[@R23],[@R25]--[@R27]^ P + E was more likely to result in a clinical pregnancy than P alone (pooled OR = 1.617, 95% CI 1.059--2.471; *P* = 0.026) (Figure [2](#F2){ref-type="fig"}A). A random-effects model was used, as there was heterogeneity among the studies (Q = 25.45, *P* = 0.001; I^2^ = 68.57). Pooled ORs remained \>1.0 as each study was removed in turn. In 5 instances, the pooled ORs became nonsignificant after each of those 5 studies was removed, but since their *P* values were borderline and near the threshold with points in the same direction, influence from any of these 5 studies on the overall pooled OR (without study removal) is negligible (Figure [2](#F2){ref-type="fig"}B). The funnel plot with the Egger test (Figure [2](#F2){ref-type="fig"}C) was performed to evaluate publication bias in these studies, and with an estimated intercept of −0.157, and a 1-tailed *P* = 0.477, there is no significant asymmetry or bias (Figure [2](#F2){ref-type="fig"}C).

![Meta-analysis (A), sensitivity analysis (B), and funnel plot (C) for odds ratio of clinical pregnancy. CI = confidence interval.](medi-94-e459-g007){#F2}

No Significant Difference in Ongoing Pregnancy Rate for P + E Versus P
----------------------------------------------------------------------

A total of 5 of the 11 studies reported ongoing pregnancy rate (Table [5](#T5){ref-type="table"}).^[@R20]--[@R22],[@R24],[@R25]^ There was no significant difference between P + E and P treatments with respect to ongoing pregnancy rates (pooled OR = 1.232, 95% CI 0.743--2.044; *P* = 0.419) (Figure [3](#F3){ref-type="fig"}A). A random-effects model was used, as there was heterogeneity among the studies (Q = 10.679, *P* = 0.030; I^2^ = 62.54). All pooled ORs remained nonsignificant after each study was removed in turn, indicating no obvious influence of any individual study on the pooled estimate (Figure [3](#F3){ref-type="fig"}B). The Egger test showed an estimated intercept of 0.957, with a 1-tailed *P* = 0.426, indicating no significant asymmetry or bias (Figure [3](#F3){ref-type="fig"}C).

![Meta-analysis (A), sensitivity analysis (B), and funnel plot (C) for odds ratio of ongoing pregnancy. CI = confidence interval.](medi-94-e459-g008){#F3}

No Significant Difference in Fertilization Rate for P + E Versus P
------------------------------------------------------------------

Of the 11 studies, only 4 reported fertilization rate (Table [5](#T5){ref-type="table"}).^[@R19],[@R21],[@R23],[@R26]^ But among those 4 studies, the study by Drakakis et al^[@R23]^ did not report standard deviation, and therefore was not included in the analysis. There was no significant difference between P + E and P with respect to the fertilization rate (pooled difference in means −1.912, 95% CI −6.807 to 2.983; *P* = 0.444) (Figure [4](#F4){ref-type="fig"}A). A random-effects model was used, as there was heterogeneity among the studies (Q = 6.197, *P* = 0.045; I^2^ = 67.72). Of the 3 included studies, pooled OR was significant when the study by Elgindy et al^[@R19]^ was removed but the overall pooled OR was nonsignificant, indicating influence of that particular study on the overall pooled estimate (Figure [4](#F4){ref-type="fig"}B). Nevertheless, point estimate of the study by Elgindy et al was in the same direction as that of the other 2 studies. The Egger test was not performed because more than 5 studies are needed to observe publication bias.

![Meta-analysis (A) and sensitivity analysis (B) for the difference in fertilization rate between the 2 treatment groups. The study by Drakakis et al^[@R23]^ did not report standard deviation and was excluded from the meta-analysis. CI = confidence interval.](medi-94-e459-g009){#F4}

No Significant Difference in Implantation Rate for P + E Versus P
-----------------------------------------------------------------

A total of 6 of the 11 studies reported implantation rate (Table [5](#T5){ref-type="table"}).^[@R17],[@R20],[@R21],[@R23],[@R24],[@R26]^ However, the study by Var et al^[@R17]^ used a different definition of implantation rate compared with the other studies, and therefore was excluded from meta-analysis with respect to this parameter. There was no significant difference between P + E and P with respect to implantation rate (pooled OR 1.150, 95% CI 0.779--1.699; *P* = 0.482) (Figure [5](#F5){ref-type="fig"}A). A random-effects model was used, as there was heterogeneity among the studies (Q = 11.09, *P* = 0.026; I^2^ = 63.93). All pooled ORs remained \>1.0, and were nonsignificant when each study was removed in turn, indicating no obvious influence of any individual study on the pooled estimate (Figure [5](#F5){ref-type="fig"}B). The Egger test had an estimated intercept of 1.837, with a 1-tailed *P* = 0.291, indicating no significant asymmetry or bias (Figure [5](#F5){ref-type="fig"}C).

![Meta-analysis (A), sensitivity analysis (B), and funnel plot (C) for the odds ratio of implantation. The study by Var et al^[@R17]^ used a different definition of implantation rate and was excluded from the meta-analysis. CI = confidence interval.](medi-94-e459-g010){#F5}

No Significant Difference in Miscarriage Rate for P + E Versus P
----------------------------------------------------------------

A total of 8 of the 11 studies reported miscarriage rate data (Table [5](#T5){ref-type="table"}).^[@R17],[@R19],[@R20],[@R21],[@R23]--[@R26]^ There was no significant difference between P + E and P treatments with respect to miscarriage rate (pooled OR 0.633, 95% CI 0.342--1.172; *P* = 0.146) (Figure [6](#F6){ref-type="fig"}A). A random-effects model was used, as there was heterogeneity among the studies (Q = 12.191, *P* = 0.094; I^2^ = 42.58). With exception of the study by Gorkemli et al,^[@R25]^ all other pooled ORs remained \<1.0 and were nonsignificant when each study was removed in turn, indicating no obvious influence on the overall pooled estimate from any of those remaining 7 studies (Figure [6](#F6){ref-type="fig"}B). The study by Gorkemli et al (point estimate 0.523, *P* = 0.031) might influence the pooled estimate but was not removed since its point estimate is in the same direction as the overall pooled OR. The Egger test showed an estimated intercept of −2.15, with a 1-tailed *P* = 0.182, indicating no significant asymmetry or bias (Figure [6](#F6){ref-type="fig"}C).

![Meta-analysis (A), sensitivity analysis (B), and funnel plot (C) for the odds ratio of miscarriage. CI = confidence interval.](medi-94-e459-g011){#F6}

DISCUSSION
==========

The aim of the present study was to perform a meta-analysis examining the efficacy of progesterone plus estrogen versus progesterone alone as LPS during IVF. A search of the literature identified 11 articles. A risk of bias was present given that none of the articles addressed or performed blinding.

A meta-analysis of the 11 articles (1756 subjects with variable numbers of articles/subjects analyzed for each outcome measure) showed a significant benefit for progesterone plus estrogen compared with that for progesterone alone only for the primary outcome of clinical pregnancy. No significant difference was found between the 2 treatment groups for any of the secondary outcomes including the ongoing pregnancy rate, fertilization rate, implantation rate, and miscarriage rate. These results support findings of the 2011 Cochrane review (9 articles; 1571 subjects, also with variable numbers of articles/subjects analyzed for each outcome measure).^[@R9]^ But in that analysis, the significant benefit of progesterone plus estrogen over progesterone alone was based on a subgroup analysis of transdermal estrogen (and transdermal and oral estrogen in 1 study), while our analysis included estrogen supplementation in oral, vaginal, and transdermal forms. Our analysis also included a new article by Moini et al^[@R18]^ and the 2 articles that were excluded from the 2011 Cochrane review.^[@R17],[@R26]^

Potential limitations of this study include the limited sample size (1756 subjects), the inclusion of different forms and dosages of estrogen supplementation, and the inclusion of subjects who contributed more than 1 cycle to a study. Furthermore, while the live birth rate may be the more appropriate outcome, no trial has yet reported this outcome, so our meta-analysis is limited by the design of included studies and appears less than optimal. Nonetheless, the use of estrogen as a supplement to progesterone in LPS does not appear to be significantly beneficial. Additional large randomized controlled trials are necessary to clarify the role of estrogen supplementation in addition to progesterone for LPS in IVF, and to definitively show any beneficial effect of estrogen with respect to outcome measures other than clinical pregnancy. Other than estrogen forms and dosages, factors such as subject age^[@R28]^ or GnRH agonist protocol^[@R29]^ may be relevant and warrant further investigation. The adoption of standardized terminology in assisted reproductive technology^[@R30]^ will also be helpful in future studies.

Abbreviations: CI = confidence interval, E = estrogen, GnRH = gonadotropin-releasing hormone, IVF = in vitro fertilization, LPS = luteal phase support, OR = odds ratio, P = progesterone.
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